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ABSTRACT

As part of a continuing Air Force research effort toward the development of a
biologic waste management system for closed environments, studies were conducted
on a8 miniaturized activated sludge process for treating concentrated human wastes.
During a 40-day continuous run, a prototype sludge reactor was fed batchwise
(daily) with an increasing quantity of mixed human waste. Removal of chemical
oxygen demand (COD) and the quality of the clarified process effluent were momtored
as functions of time and the feeding rate. Results showed that ‘he activatad sludge
culture could be acclimated to handie highly concentrated human excreta with little
dilution. At a loading rate of 5.0 gra. COD/liter of culture, approximately 809 of
the feed COD was removed aftcr 23 hours of proces ing. Both the capacity for COD
removal and the quality of the process effluent were found to be strong functions of
the air supply rate. Recommendations were made regarding the use of a continuous
feed system for better optimization of the uptake rate.
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BATCH-FEEDING STUDIES ON HIGH-SOLIDS ACTIVATED SLUDGE FOR TREATING
CONCENTRATED HUMAN WASTE

L. INTRODUCTION

The high-solids activated sludge process has
attracted great interest as a means of stabiliz-
ing concentrated human waste products. For
application in sealed environments, the sludge
process is preferred to other waste treatment
systems—for example, oxidation ponds, bac-
terial beds, or anaercbic digestion—because of
its inherently higher rates of oridation and
more desirable metabolic end products (1, 2).
In recent years the Air Force has pursued a
rezearch program to characterize the sludge
process and to cxamine its total capabilities.
Studies have been conducted on the detailed
microbiology of activated sludge (3, 4) a ' on
technics and hardware for utilization ot the
process in closed-system waste treatment (5).

Activated sludge is composed of a broad
spectrum of microbial for'ns which are pro-
duced within the waste mixture, and which at-
tack and stabilize a wide range of orgaric
materials. The process is kept aerobic by {orved
aeration. Stabilization occurs from the fact
that the microorganisms utilize the wastes as
a food source in their metabolisin which com-
prises the processes of both anabolism and
catabolism. Anabolism includes the assimila-
tive reactions leading to new cellular biomass,
while catabolism results in the breakdown of
protoplasm into such molecular constituents as
carbon dioxide, ammonia, and water. The typex
and relative numbers of microbial flora present
are determined by the nature and concentra-
tion of the waste feed, as well as by such en-
vironmental factors as  temperature and
aeration. Some of the more common bacteria
present are of the genera Achromobacterium,

Chromobacterium, Flavobacterium, and Pseu-
domonas (8). There also exist large numbers
of Protozoa and Metazoa in ecobalance with
the bacteria.

The activated sludge process has been em-
ployed for a number of years in municipal and
industrial sewage treatment plants, and a
wealth of data is available for large-scale appli-
cations of this type. However, little of this
information is applicable to the design and
development of aerobic waste treatment sys-
tems in closed environments because of the
greater loading rates encountered and the cor-
respondingly greater microbial populations and
qualitative differences. Conventienal (muni-
cipal) activated sludge units are generally
loaded at the rate of 0.5 to 1.0 gm. of chemical
oxygen demand (COD) per liter of aerated
tank capacity. In a closed environment such
as a space capsule, ti. + waste treatment system
must accommuodate a feed rate of 3 to 6 gm,
COD liter in order to minimize the system
volume and weight. Hence. studies were under-
taken to define the characteristics of the mini-
aturized, high-solids activated sludge process,
Following the development of a prototype
sludge reactor (5), we began experiments on
the effects of major process variables on long-
term performance of high-solids activated
sludge. This report describes a 40-day con-
tinuous run with a prototype bench-scale re.
actor using a batch-feed regimen.

II. METHODS AND MATERIALS
Description of the waste treatment unit

The activated sludge waste treatment unit
used in this work was designed and fabricated
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FIGURE 1

Schematic of the activated sludge waste treatment proc-ss.

by Chapman et al. (5). The systemn was origi-
nally sized to accommodate the urine and foecs
of cne man per day—that is, a volume of about
2.5 liters‘day of human excretory waste having
a total carbon concentration of about 20 gm./
liter as COD. In configuration and selection of
construction materials, the unit was designed
as a research tool to obtain data on the con-
tinuous operation of the sludge brocess.

Figure 1 shows an operational schematic of
the activated sludge svstem. The apparatus
had a gross liquid capacity of 14 liters. For
this study a culture volume of 10 liters was
emploved to allow adequate freeboard and to
permit greater loading rates (gm. COD liter).
The culture vessel consiated of an upright cone,
30 em. in diameter at the top and 60 em. in
height. The cone-shaped section was selected
to permit thorough aeration and mixing of the
culture in the reactor. The mixed liquor was
continuously  recirculated  fron, the reactor
through an analysis loop back to the cone. The
analysis loop contained electrodes Tor measur-
ing pH and dissolved oxygen (DOY. Oxygen
was supphed to the culture by the dispersion of
air anjected at the bottom of the cone. The
product gases were exhausted through an exit
port (3 em. diameter) located in the side wall
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of the cone immediately under the reactor

nAYraw
Tuvur.

The reactor system was fabricated so that
all pumps, valves, and piping in contact with
the culture were either stainless steel, poly-
vinyl chloride (PVC), or polypropylene plastic.
The r-actor cone was censtructed of 316 stain-
less steel. The analysis loop consisted of PVC
ripe (13 inch) and Tygon tubing sections which
served as flexible couplings. PVC and poly-
propylene ball valves were used to isolate por-
tions ot the flow system and to permit drainage.
The circulating pump was a reversible, positive-
displacement, plastic-impeller type (Jabsco
model P-6-M6), with a capacity of 20 liters min.

Culture temperature was measured by a
tosistance sensor located in the center of t!
reactor.  Temperature was controlled by a
relay-controller (YSI model 73) which alter-
nately permitted addition or removal of heat.
Heat was added by means of a heating tape
around the cone, and removed by means of a
vooling eotl located in the bottom of the reactor.

The separation unit for withdrawing ef-
fluent was a conunuous microfiltration device




FIGURE 2

View of the continuous solids-liquid separation device used for this study.

developed by Ryan (11). Figure 2 shows a
schematic of the apparatus which consisted of
a microporous filter contained in a Plexiglas
box with entrance and exit ports for circulating
the mixed liquor suspension. By use of 0.45 ,
filters (Millipore type HA), 100 to 150 ml./hr.
of clarified effluent could be removed con-
tinuously. All particles larger than 0.45. in
diameter were retained in the system. In an
earlier configuration, the waste treatment sys-
tem was equipped with a leaf-type filter for
geparating the biologic floc from the mixed
liquor (6). Floc separation required the addi-
tion of a coagulant-forming electrolyte (Dow
C-32) to assist in forming large floc particles
which were retained on a mesh plastic filter.
The procedure required pumping the culture
slowly through the leaf filter box to maintain
a head differential across the filter of less than
5 cm. of water. In preliminary trials, this
technic proved unsatisfactory and gave effluent
of poor quality, owing primarily to the fragil-
ity of the floc which readily broke up and
passed through the filter into the collection
flasks. For this .reason, the microfiltration

apparatus was déveloped and used throughout
this study. %

Waste feed

The waste feed used for this study was a
mixture of human urine and feces approximat-
ing that expected from man in a closed environ-
ment. {The urine and feces were collected
separately from male volunteers and refriger-
ated. The standard feed mixture was prepared
by combining the individual wastes from each
volunteer in the ratio o. 200 ml. feces to
1,800 ml. urine to 500 ml. of tap water. The
individual mixtures were thoroughly mixed in
a Waring blender and analyzed for BOD (bio-
logical oxvgen demand), pH, nitrate, nitrite,
ammonia, and phosphate to establish the range
of these parameters shown in table I. The
standard waste feed was obtained by pooling
equal quantities (200 ml.) of the individual
waste mixtures. Analysis of the standard
feed is given in table 1 as the “average” com-
position. The COD of the standard feed mix-
ture was 20 gm./liter.




TABLE 1
Values for human waste samples

Parameter Range Average value
COD (mg./liter) - 20,000
BOD (mg./liter) 12,600 to 15,000 14,300
pH 8.0 to 8.7 8.5
NO, - (mg./liter) 0to2 0
NO,; - (mg./liter) 0to 2 1
NH, -+ {(mg./liter) 1,500 to 4,500 3,000
PO = (mg./liter) 1,800 to 2,600 2,200

Experimental design

Feeding protocol. The levels of fresh feed
charged to the reactor were preselected ard
increcased in even increments from 5 to 60 gm./
day. Since the total culture volume was main-
tained at 10 liters, the concentration of fresh-
feed COD at the time of charge was increased
stepwise from 0.5 to 5.0 gm./liter, respectively.
Table II shows. the daily feeding schedule and
loading conditions.

The unit was fed each day by placing the
programmed amount of waste feed directly, in
bulk, into the culture vessel. Samples were
drawn from the culture before feeding for
determination of suspended solids, and at hour-
ly intervals after feeding for determination of
supernatant COD. Before feeding on the fol-
lowing day, a volume of effluent was recovered
corresponding to the volume of feed pro-
grammed for addition. This protocol gave a
detention time of 23 hours fo. the wastes in the
reactor since about one . .r was needed to
recover the effluent.

The seed culture for the experiment was
obtained from the secondary settling basin of
the San Antonio Rilling Road wastewater
treatment plant. For one day prior to the
start of the experiment 5 liters of seed culture
was aerated in the unit with b liters of raw
settled sewage as substrate.

Aeration. Two aeration rates were em-
ployed at each feeding level to determine the
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~ 32°C. culture.

effect of dissolved oxygen at limiting and non-

¢]imiting concentrations. The high (nonlimit-
?ing) air rate exceeded the calculated oxygen
requirement for the feeding level and provided
air at the rate of 36 liters/hr. per gram of
fresh-feed COD. The low (limiting) air rate
was less than the calculated requirement at
each feed rate and provided 3.6 liters/hr. per
gram COD at the lower feeding levels, grad-
ually increasing to 4.% at the highest feeding
level. The air rates employed at each feeding
level are shown in table II.

Temperature. The culture temperature was
maintained at 32 = 1° C. throughout the run.
Chapman et al. (3) have reported two activity

. peaks for activated sludge cultures, one at
: 82° C. and the other at 66° C. The growth con-

stant reported for the 65° C. culture was, how-
ever, slightly less than that reported for the
Hence, the lower temperature
was chosen for this study.

Analyses. The parameters used to evalua-
ate the quality of the effluent were selected
for the twofold purpose of examining the effec-
tiveness of the treatment process and deter-
mining the acceptability of the effluent as a
plant substrate thedium. To satisfy these ob-
jectives, the following analyses were run: COD,
BOD, suspended solids, pH, nitrate, nitrite,
ammonia-nitrogen, and phosphate. All assays
were performed in accordance with Standard
Methods for the Examination of Water and
Wastewater (13).

III. RESULTS

Culture growth

Throughout the run, growth of the sludge
culture was continuous and roughly propor-
tional to the feeding level. Noteworthy was
the fact that the culture readily adapted to the
high feeding levels with no evidence of meta-
bolic inhibition or toxicity. The growth rate of
the culture as measured by increase in sus-
pended solids is indicated in table II. Over the
40-day period of the run, the total solids con-
centration increased from 0.62 to 35 gm/liter.
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TABLE II ' : ;
Daily log of feed rates and processing conditions :
Biomass |Fresh feed ;
Day | before added | Fresh foed| Lot 1?““"551‘;/“ Airrate | Before- | After-
feeding (volume, gm. (liters/min.) |feeding pH | feeding pH K
(gm./liter) liters) (COD, gm.)| (gm./liter) | gm. biomass) {
0 0.621 0.25 5 0.5 0.81 3 6.7 6.6
1 1.19 0.25 5 0.5273 0.44 3 6.8 6.9
2 1.98 0.25 5 0.534 0.27 0.3 6.8 6.9
3 2.75 0.50 10 1.437 0.52 6 7.3 7.2
4 3.22 0.50 10 1.030 0.32 6 71 7.1 _
5 5.21 0.50 10 1.022 0.20 0.6 7.0 6.9 ,
6 7.50 0.75 16 1.875 0.25 9 7.4 14
7 8.74 075 15 1.640 0.19 9 7.2 7.3
8 9.40 0.75 15 1.778 0.19 09 73 7.2 !
9 9.02 100 [ 20 2.702 0.30 - 12 7.6 7.6
10 11.08 1.00 20 2.541 0.23 12 7.0 7.1
11 13.40 1.00 20 2.440 0.18 12 6.9 7.2 :
12 15.05 1.00 20 2453 | jo.16 12 7.1 7.2
13 14.90 1.25 25 3.358 '0.23 15 1.6 (&
14 17.00 1.25 25 3.279 0.19 15 7.4 7.5 r
16 18.54 125 25 3.209 0.17 15 7.3 7.3 "
16 19.20 1.25 25 3.20 0.17 15 7.3 7.4
17 1890 | 150 30 4.232 0.22 is 78 7.9
18 22.80 1.50 30 4.02 0.18 18 7.4 7.6
19 24.30 1.50 30 3.867 0.16 18 7.3 74
20 24.40 1.50 30 4.028 0.16 . 18 75 74
21 24.20 1.50 30 4105 |} 0.17 P20 7.3 7.3
22 24.30 1.75 35 5.068 022 | | 21 8.0 8.1
23 23.10 1.75 35 4.894 021 21 75 7.4
24 28.60 1.75 35 4.853 0.17 21 7.6 7.5
25 29.10 1.75 35 4.936 ;017 . 2.5 74 74
26 29.00 2.00 40 6224 | ' o018 24 { 7.9 7.9
27 29.25 2.00 40 6.744 0.20 24 7.8 79
28 30.50 2.00 40 5.544 0.18 24 } 7.9 7.9
29 31.60 2.00 40 5.640 0.18 24 w6 7.7
30 33.00 2.00 40 5.608 Co0ar 30 Hoa7 7.8
31 32.95 2.25 45 6.840 0.21 271 8.3 8.3
32 35.45 2.25 45 6.693 0.19 27 8.0 8.1
33 34.10 2.25 45 6.445 0.19 27 7.9 7.8
34 35.40 2.25 45 6.507 0.18 27 7.8 7.8
35 35.70 2.25 45 6.546 0.18 .35 71 7.8
36 35.02 2.50 50 8,098 0.23 ~ 30 8.6 8.7
37 35.50 2.50 50 8.780 0.25 ;30 8.5 8.5
a8 36.50 2.50 50 8.060 0.23 30 8.6 8.7
39 35.10 2,50 50 7.992 023 30 8.0 8.8
40 35.09 2.50 50 8.375 f0.24 4.0 8.9 8.6

*Fresh feed plus residual

o




TABLE III
Effluent quality after 28 hourd processing

Volume
Day recovered | pH COD BOD Nitrate Nitrite A{nmonia Pbosph-te
(litera) nitrogen
{mg./liter)

0 0.25 6.8 28

1 0.25 6.7 35 25 4 0 1 | 20
2 0.50 72 480 i 1 3 | 16
3 0.50 7.0 32 !

4 0.50 7.0 23 20 R 1 | 27 !
5 0.75 7.4 405 1 1.5 5 ’ 33
6 0.75 7.1 151 ;

7 0.75 72 301 150 128 1 | 3| 4
8 1.0 7.6 780 3.7 2.4 22 40
9 1.0 7.2 601 :

10 1.0 7.0 439 | :

11 1.0 7.0 503 330 03 0 28 90
12 1.25 73 580 76 29 75 1 105
13 1.25 7.4 800 5 |

14 1.5 7.3 810 ‘ !

15 1.25 7.2 800 530 186 i ! 53 | 160
16 1.50 75 1,450 9.2 {38 e | 150
17 1.50 7.6 1,200 1 i

18 1.50 74 1,020 !

19 1.50 75 1,210 j

20 1.50 7.3 1,300 960 215 1 125 190
21 1.75 1. 1,900 HRES! 53 230 , 220
23 175 77 1,690 i : ;

23 1.75 7.6 1,640 ! | |

24 175 76 1,740 1,190 327 Lol 213 410
a5 2.0 7.8 2,780 i 20.2 [ 420 380
2 2.0 78 2,180

27 2.0 7o 1,930

28 2.0 75 2,050

29 2.0 76 2,010 ' 1410 20.1 0 205 910
. 225 R2 3,020 : 12.3 19.3 500 905
31 225 79 2 830 !

32 2.25 7Y 2,510 ‘

33 2.25 79 2,590 i

34 2.25 74 2,640 1,850 8.7 2 620 1,410
a5 2.50 8.3 4,130 18.6 30.2 450 1,390
36 2.50 8.4 5,040
37 2.50 8.4 R

3% 2.50 8.6 0
39 2.50 6 4,500 3,500 98 2 1,200 1,700
& 250 8.7 6,020 ! 20.2 5o 1,730 1710




(Gress microscopic examination cf the cul-
ture reveaied that the bacterial flocs became
smaller and more filamentous in nature as the
feeding level increased. Ciliates and rotifers
were the predominant animal forms, although
an occasional zoofiagellate was noted. After
the daily feeding, an increase in bacterial forms
was apparent, followed by a subseguent in-
crease in freesswimming ciliutes and  zoo-
lageliates.  After about 20 hours of aerated
digestion, stalked ciliates and rotifers pre-
dominated, and were observed feediig on the
bacterial floes present. This pattern was fol-
lowed throughoeut the run . nd the numbers of
the various animals increased in approximately
the same propertion.

COD reduction

Reduction in the COD of the fresh feed was
examined from two standpoints. One was to
determine the capacity of the sludge culture to
stabilize concentrated waste in a 23-hour de-
tention period. The second was to determine
the rate of COD removal to obtain insight into
the mechanism of substiate uvptake by the
organisms.

Table I gives the quality of the effluent
produced after 23 hours of processing.  As
expected, the effiuent COD increased steadily
with increasing feed at both the high and low
air rates. From the nature of the experimen-
tal protocol, this increase was a result of two
contributions—the increasing COD of the feed,
and the increasing COD of the residual volume
in the reacior to which the feed was added each
day. This second contribution represented that
portion of the feed which was less readily assim-
lated. Hence, as the run progressed, the total
COD charge at the start of each reaction period
consisted of an increasingly larger fraction
of refractory material.  The effect of this
buildup wax moxt evident in the data for the
5.0 gm. COD liter feed ievel which was also the
last. At this feed rate, the total COD load was
approximately 8.0 pm. liter and the effluent
€COD after 23 hours of high acration was
4.5 em. liter. Henee the undigested COD was
560 of the total Joad but only 2259 of the
fresh feed.  (This latter figure comes from the
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FIGURE 3

Tatal COD removat efiiciency for a 23-hour deten-
tion culture as a function of the fresh-feed loading
rate: o — high aeration, O - low arration.

fact that the 5.0 gm. liter feed rate obtained
from a charge of 2.5 liters fresh feed having a
COD concentration of 20 gm. liter. Hence, the
total fresh-feed COIy charge was 50 gm. After
23 hours at hign aeration, the undigested COD
of this 2.5 liters was 2.5 ~ 4.5, or 11.256 gm.,
which amounts to 22.5¢¢ of the fresh feed.)

The total COD reduvction e¢fficiency is shown
in figure 3 as a function of the fresh-feed rate.
Here the effluent (undigested) COD was cal-
culated as a percent of the total COD charge
(fresh and residual) at the <tart of the reaction
perind. These data give a conservative picture
of the efficacy of the process for waste stabili-
zation, The COD reduction efficiency declined
slowly with increasad loading but remained at
the 507 level or greater with high aeration
even at the maximum feed rute. An improve-
ment in reduction efficiency could be obtained
with a longer detention period.

Figures 4 and 5 show the COD removal as a
function of time at high and low aeration, re-
spectively. The parameter in each figare is the
concentration of fresh COD in the reactor at

Red
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A

FIGURE 4

Fresn-reed COD uptake a8 a function of time—high aeration,

the fresh-feed lo:xding rate.

the start of the aeration period. The ordinate
18 the undigested COD of the mixed ligquor as
a percentage of the fresh-feed charge. These
data show clearly the decrease in rate of COD
removal with increasing feed. At high aera-
tion, the time required to remove 507% of the
feed COD increased from 1 hour, st the
1.0 gm., liter feed level, to 10 hours at 5.0 gm./
liter.

One noteworthy aspect of the data was the

fact that the decay curves all followed first-
order kinetics; that is, a rate law of the type:

= —ke¢

dt

where ¢ is the concentration of mixed liquor
{OD. The first-order reaction rate constant,
k. was calculated by least squares for each feed
rate. With high aeration, k ranged from about
0.5/hr, at the 1.0 gm. /liter feed rate to 0.07/hr.
at 5.0 gm. - liter. With low aeration, k varied
from about 0.2 'hr. to 0.05/hr. The k for each
feed rate is listed in table IV.

Parameter s

Least squares #nalysis of the COD removal
raie brought out the fact that at the lower
feeding levels, the process was apparently
limited by the availabiiity of substrate. Ex-
ponential decay obtained through the first
8 hour~ of aeration, but the 23-hour COD was
greate, than that predicted from extrapolation
of the first-order curve. Only when the feed-
ing levels reached 3.0 gm./liter and greater did
the 23-hour COD “fit” the exponential decay
curve. This may have been duc {u the fact
that at the lower feeding levels, the residual
COD was too low for accurate determination.
If valid, however, this finding indicates that at
the lower feeding levels, COD removal was
first-order by adsorption until the feed supply
was nearly exhausted and then linear for the
remainder of the aeration period. This phe-
nomenon has been noted by others (3, 14). At
the higher feeding levels, however, COD re-
moval was first-order throughout. The differ-
ence in uptake rate observed between high
acration and iow aeration indicates that the
rate-controlling factor was probably oxygen
supply.

A

FIGURE 5

Fresh-feed COD uptake as a function of time-—{ow aeration.

the fresh-feed looding rare.

Parameter 1




TABLE IV

Percent of COD remaining ir sludge mixture a8 a function of time

Feed rate (gm. COD/liter)

Time
(hr.) 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5 5.0
High aeration
0 100.0 100.0 100.0 100.0 1000 | 100.0 100.0 100.0 100.0 100.0
0.50 72.6 90.6 89.5 90.0 90.1 89.5 95.5 89.5 95.0 94.9
1 53.7 61.7 70.0 8.6 86.3 88.2 84.0 84.2 90.0 91.7
448 0.0 49.4 §0.0 70.0 78.6 79.8 78.5 £1.7 86.4
3 178 25.0 27.8 48.6 60.0 68.0 65.6 76.5 80.2
4 145 18.0 221 35.0 41.0 53.2 63.7 59.5 69.5 75.2
5 8.1 9.6 15.0 413 50.0
8 445 45.0 55.0 58.3 8.6
8 31.6 391 482 57.7
21 73 16.5 19.5
23 0.2 0.1 15 2.5 4.0 6.5 8.7 10.0 13.2 22,6
k* 0.59 0.41 0.39 0.26 0.18 0.14 0.14 0.11 0.09 ' 0.08
Low seration
0 100.0 100.0 160.0 100.0 100.0 { 100.0 1000 | 100.0 | 100.0 100.0
0.50 89.9 92.1 94.1 95.0 95.2 91.8 97.2 ' a7.1 97.0 97.1
1 78.2 82.2 85.0 85.0 85.2 89.2 0.4 90.6 91.9 92.9
2 60.1 70.2 76.0 770 80.0 81.5 83.5 85.2 90.4 89.6
3 51.2 57.0 64.0 70.0 745 1.2 9.8 88.4 87.4
4 35.6 45.0 55.2 58.5 61.8 68. 70.1 70.6 78.5 81.9
5 29.1 39.7 46.8 0. 55.0 62.0 65.4
6 26.3 25.9 41.8 50.0 5H.2 59.9 62.0 70.6 75.4
7 35.7 38.6 53.7
8 51.6 0.9 59.5 69.0
21 34.9
23 2.3 2.0 3.9 4.9 12 9.5 139 50.1 20.6 Ju.l
k* 0.23 0.21 0.16 0.14 0.12 0.09 0.08 0.08 0.06 0.08

*First-order reaction rate constant, hr. !}
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Dissolved oxygen

Figures 6 and 7 give the dissolved oxygen
concentration in the mixed liquor as a function
of time for high and low aeration, respectively.
The parameter in each figure is the fresh-feed
COD charge.  Of particular interest in these
data was the initial change and the rate of re-
covery of the DO concentration.  Immediately
after feeding at all levels, the dissolved oxygen
in the reactor dropped rapidly to a minimum
value.  The subsequent rate of recovery and
final DO level were both feed rate and aeration
dependent.

— A
4 6 8 10 12 14 16

TIME  HOIIRS
FIGURE 6

Disselved oxugen content in the mixed liquor as a function of
Parameter is the fresh-feed loading rate.

18 20

The sudden initial uptake of oxygen after
feeding was presumably due to rapid oxidation
of the fresh substrate. The minimum DO was
reached within 1 to 2 hours and the difference
between the initial and minimum 00 value was
in the range of 2.5 to 3.5 my. liter, surprisingly
independent of both feed rate and aeration (see
table V).

The effect of increasing feed on the rate of
DO recovery was more pronounced in the low-
aeriation curves.  The recovery ra'e dropped
with inereasing feed as did the inal (23-hour)
DO level. At low aeration the final D) Jevel
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FIGURE 7

Digaolped UGN conpent in
tme—/oy aecration,

was 90 to 1067 of the initja], up to a feeding
fate of 3.0 gry. liter, thereaftor dmpping stead-
ily to lesg than 20, at the highest feed rate.
At high aeration, however, the fing) DO level
was G0ty 00 of the initia) at all foedin;:
levelg except the highest.

Color

As the run Progressed, the color of the clari-
fied effluent went from essentially ¢lear to that
resembling coffee, at the high feeq rates. Thig
color hay been noted by others ;ng Was ider-
tified by Emanye (7) ax 4 browny Pigment,
hestianie acid. Spevtmgr:mhi(‘ Analysis of the
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colored eff} uent reveylad that although 4 broad
adsorption band wyg observed jp the 200 ¢,
330 my, range, no sharp adsorptiog peik wag
detected ip the vigibje or ultraviolet band that
could be yued to quantify the bigtent. The
Presence of thig coleration may he important
when the sludge Process jx coupled {0 g4 algal
phntnaynthvtiv exchunger. |, thin-paneteq
abral cultyre vessely, the Pixment wipy absorb
lignt, thuy r(*duci'u! th available eneryy for
phuumynthmis. An 11!tr‘at'iltrniiur» System gy
carrently undey dm'vh»pnu'nt for remoyy) of
this pigment and othep PEEANC materinda from
activated sludge Process efflyent (10,




TABLE V

Dissolved oxygen concentration of sludge mirture as8 a function of time

Feed rate (gm. COD/ iter)
Time, hr.
0.5 1.6 1.5 2.0 2.5 3.0 35 4.0 4.5 5.0
High aeration
0 6.9 6.8 6.5 6.4 6.7 4.7 4.6 4.0 3.8 3.6
0.26 6.6 6.0 5.4 5.2 4.2 3.2 2.6 1.7 2.2 13
0.60 6.0 54 5.0 4.2 3.5 2.4 1y 1.2 1.2 1.1
1 5.3 5.0 4.9 4.0 3.0 2.2 1.8 1.1 0.9 0.7
2 5.4 5.2 4.9 4.1 29 2.2 i6 11 0.9 0.6
3 5.9 8.3 5.2 4.2 3.0 2.6 18 1.6 0.8 0.6
4 6.4 6.6 5.3 4.8 o5 29 1.7 2.5 1.1 0.9
5 6.6 6.6 6.0 @l 4.1 29 1.9 31 2.0 1.3
6 6.7 6.7 6.3 5.4 4.7 3.2 2.0 3.2 28 2.3
23 6.9 6.9 6.6 6.2 5.7 4.4 4.3 3.9 3.8 2.7
Low aeration

0 4.8 48 5.1 49 4.8 3.5 3.5 3.4 3.5 2.7
0.26 2.5 2.1 2.3 2.2 2.3 1.3 1.0 0.7 0.7 0.3
0.50 19 2.0 1.7 1.8 1.6 1.0 0.8 0.5 0.4 0.1
1 14 1.9 6 ¥ 1.4 0.9 0.7 04 0.5 0.1
2 2.0 2.0 1.8 1.6 1.5 1.1 0.8 0.4 0.3 0.1
3 2.7 2.1 2.6 1.9 2.4 1.2 0.9 0.6 0.5 0.2
4 3.3 3.4 2.6 2.0 2.8 1.2 1.1 0.7 0.5 2
5 3.9 3.7 3.0 2. 3.2 1.4 1.1 0.7 05 0.3
6 4.0 3.1 3.3 1.5 1.3 0.8 0.3
23 5.8 4.8 4.7 4.5 4.9 2.9 14 1.0 1.0 0.5

Nitrogen and phosphorus quality

Table III shows the quality and concentra-
tion of the nitrogen and phosphorus in the
clarified effluent for the various conditions of
th. run. As was expected, the quantity of both
these substunces in the effluent increased with
the feeding level. Of some concern was the
observed shift in nitrogen quality from nitrate
to nitrite and ammonia-nitrogen. With high
aeration and low feed rate, all the nitrogen
apppeared as nitrate, signifying complete oxi-
dation. As the feeding level increased and
particularly at low aeration, the nitrogen ap-
peared predominantly as nitrite and ammonia
indicating relatively incomplete oxidation. This
finding may be of importance when sludge
effluent is used for algal substrate. Nitrate
and ammonia-nitrogen can be utilized by many

species of algae but nitrite at concentrations
higher than 0.001 M (46 p.p.m.) may be inhibi-
tory to algal growth (9). Hence, the mainte-
nance of sufficient aeration appears necessary
to insure complete oxidation of the fixed
nitrogen.

IV. DISCUSSION

The results of this study indicate that a
batch-fed, or intermittently fed, activated sludge
culture can be acclimated to handle human cx-
creta with little dilution. At loading levels of
5 gm. COD liter of culture, nearly 80 «f the
COD can be removed in 23 hours of processing.
It is probable that the COD removal capacity
can be increased bv a longer detention period
r better definition ol the oxvgen supply re-
quirements. The aeration rates we used were
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calculated to be excessive while the results in-
dicate that at the 5.0 gm. COD liter feeding
level, dissolved oxygen was a limiting factor.

The activated sludge unit employed in this
work proved to be an adequate laboratory tool.
A possible improvement on the design would
be to lengthen the reactor cone to about 1 m.
and reduce the diameter accordingly to main-
tain the desired volume. This modification
woilld improve mixing and allow longer contact
time for aeration. While the energy require-
ments for forced aeration might be greater, the
longer gas-liquid contacting time should reduce
the total air supply requirzment.

A more complete definition of waste treat-
ment in space may require a study of wastes
from individuals on a diet of liquid or com-
pressed low-bulk foods and in a restricted en-
vironment. Undoubtedly, a low-bulk diet would
result in smaller fecal quantities which would,
in turn, reduce the available carben source for

microorganisms,  However, this should only
reduce the total amount of waste to be proc-
essed. According to Slonim and Mohiman (12)
the type of low-bulk diet employed has little
effect on the quality of fecal or urinary
excretions.

The work reported here was a neces=ary
preliminary step to a contiruous feedine study.
The adaptability of activated sludge to con-
centrated waste feed was demonstrated and the
effects of dissolved oxygen on culture per-
formance and effluent quality were determined.
A continuour feed svstem offers the advantage
of steadyv-staie operation at a more rapid oxi-
dation rate than can be obtained in a batch-fed
system. A continuous feed regimen should
eliminate the rapid decrease in dissolved oxy-
gen observed with bulk loading and permit
better utihization of aeration capacity. In addi-
tion. a steady-state continuous process can be
sysiematically optimized to produce effiuent of
higher quality.
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